Abstract. Benthic foraminifera in two shallow marine sediment cores from southwest Sweden were analyzed for oxygen isotopes. Several deglaciation events, previously recognized in terrestrial and lake sediments throughout the Baltic region, are identified and radiocarbon dated. An initial Baltic Ice Lake (BIL) drainage at the Mount Billingen threshold is inferred from a distinct 2.4%0 •5180 oscillation in one of the investigated cores. The estimated radiocarbon age for this event is approximately 10,900 14C years. The final drainage, which ended BIL history, occurred in two steps during the younger part of the radiocarbon plateau at 10,000 14C years. Biostratigraphy 
This study is an attempt to unravel some of the ambiguities concerning the late history of the BIL as revealed in the shallow marine environment. To accomplish this goal, we reinvestigated the core containing the evidence of short-lived meltwater events (Moltemyr) and one additional site (Solberga) where these events originally were not observed, using high-resolution sampling and accelerator mass spectrometry (AMS) 14C dating.
Material and Methods
Among 14 sites surveyed on the Swedish west coast for a type locality for the Pleistocene/Holocene boundary, Moltemyr and Solberga were found suitable as stratotype and hypostratotype sections [Working Group, 1982] . Moltemyr is a small bog situated approximately 55 m above sea level in a hilly area, and the Solberga site is situated in a valley a few meters above sea level [Freddn, 1982] . After ice withdrawal, the subsequent isostatic uplift created an archipelago in southwest Sweden (Figure 1 ). At the beginning of the Holocene, the Moltemyr and Solberga sites were located in the outer rim of this archipelago at paleodepths of approximately 30 and 50 m, respectively [Olausson, 1982] .
The Moltemyr core is 6.5 m long and was taken with a modified Russian peat sampler [Cato, 1982a] . The core was originally cut into 10-cm sections in the lower part, 5-cm sections in the middle part, and 2.5-cm intervals in the upper part. These samples are stored in plastic containers, and it is not possible to determine the top and bottom of each interval. The sampling resolution used is partly determined by the storage intervals. Sampling was also limited to those intervals containing a sufficient amount of sediment left after the extensive examination by the Pleistocene/Holocene boundary working group. At Solberga, two 27.3 m long cores were collected with a Foil piston corer [Cato, 1982a] ; one was used up by the working group and the other was stored for future investigations. The Solberga-2 core was almost complete, and the sampling resolution used was constrained only by the 5-cm storage sections applied throughout the core. We measured oxygen isotopes in benthic foraminifera from 58 samples from the Moltemyr core and 278 samples from the Solberga-2 core. Compared with the previous study [Olausson, 1982] , sample density is increased by nearly a factor of 3 at Moltemyr and 10 at Solberga. Sediment consisted of clay, clayey silt, and silty clays [Cato, 1982b] , and foraminifer abundances vary from almost barren to more than 700 specimens per gram of sediment [Knudsen, 1982] . Foraminifera were extracted by disaggregating the samples in hot water and wet-sieving through a 63-•tm mesh. Specimens of the benthic foraminifer Elphidiurn excavaturn were picked from the >125-[.tm size fraction, and oxygen isotopes were analyzed using a Finnegan MAT 251 mass spectrometer with an attached Carousel-48 automatic preparation system. Accelerator mass spectrometry radiocarbon dating were made at the National Ocean Sciences AMS Facility at Woods Hole Oceanographic Institution and the Tandem Laboratory at Uppsala University. All 14C ages are based on benthic foraminifera and, when possible, monospecific samples were used. Sampling for radiocarbon dating was limited to those intervals containing sufficient foraminifera, and direct dating of the meltwater events observed in the •5•80 records was therefore not possible. In the Solberga-2 core, sample intervals of up to 30 cm had to be used in order to obtain a sufficient amount of material for dating. Chronostratigraphic terminology follows Mangerud et al. [1974] . Radiocarbon ages include the correction of an ocean reservoir effect of 440 years, which is based on radiocarbon ages obtained from recent marine shells from the coast of Norway and southwest Sweden [Mangerud and Gulliksen, 1975] . Marine and terrestrial radiocarbon dates for the Vedde ash bed indicate a higher ocean reservoir effect during the Younger Dryas and that the correction could be on the order of 700-800 years [Bard et al., 1994] . It is thus possible that some of the estimated •4C ages for the events identified and discussed in this paper are a few hundreds years too old. However, as the 400-year correction has commonly been used in the past, it will make it possible to compare our results with previous observations of the Younger Dryas in marine environments of the North Atlantic region.
Results

Chronology and Estimated Sedimentation Rates
Nine monospecific foraminifer samples were AMS •4C dated in the Solberga-2 core (Table 1) . Using a 440-year correction for reservoir age [Mangerud and Gulliksen, 1975 (Tables 2a and 2b and 14C years [Bj6rck, 1979] . This radiocarbon age is obtained on bulk sediment and may therefore be a few hundred years too old [Wohlfarth et al., 1993 , and references therein]. As there is no sign in the isotopic record for a rapid drainage event in the late AllerOd chron, it may be that the conspicuous freshwater spike with an average age of 10,925 14C years represents the first drainage of the BIL, which is a documented event in shore displacement records in the Baltic region. The first Baltic Ice Lake Lowering (BILL-1) is not recorded at Moltemyr, probably due to the coarser sampling resolution used in the Moltemyr core. Since BILLol is recorded in only one core and its estimated age appears too young to represent the assumed late AllerOd drainage, we regard its correlation to the circum-Baltic shore displacement records as tentative until its appearance and age are confirmed in other marine records of the Swedish west coast.
The second and final drainage of the BIL is clearly evident in both records and took place in two steps. In Solberga-2, the drainage is recorded as 2.5%0 and 3.7%0 oscillations occurring just above 1900 cm, and in the Moltemyr core as 9%0 and 5%0 oscillations at the top of the record. On the basis of the radiocarbon dates (Table 1) In a study of lacustrine records from the former BIL area [Svensson, 1989 ; see also Wohlfarth et al., 1993] , it is suggested that the final drainage took place at, or slightly before, the Younger Dryas/Preboreal boundary. On the basis of an observed warming, inferred from changes in benthic foraminifera, the end of the Younger Dryas is identified at 1890 cm in the Solberga core and at 345 cm in the Moltemyr core [Knudsen, 1982] . Using planktonic diatoms, Miller [1982] observed this change at 1935 cm in Solberga and at 345 cm in Moltemyr. This time lag between the benthic and planktonic record at the deeper Solberga may be reasonable because a climatic warming would first affect surface waters. In both cores, BILL-2A and BILL-2B is recorded at or above these Age range is minimum to maximum. levels (Table 3) 
Conclusions
We have tied a late glacial marine oxygen isotope record of the Swedish west coast to geomorphological features that can be seen throughout the Baltic area, for example, variations in the B IL shore level, drainage traces, and ice-marginal deposits. First and foremost, we have captured three major drainage events of the BIL (Table 3) and may have the evidence confirming the hypothesis of a first BIL drainage at the Mount Billingen threshold at a time close to the Aller0d/Younger Dryas chron boundary [BjOrck and Digerfeldt, 1984, 1989 ]. An estimated radiocarbon age for this event is about 10,900 years. We have also identified the dramatic final drainage of the B IL. Our results show that this drainage was complex and occurred in two steps. The reason for this two-step drainage is not known but may have been caused by an ice margin readvance, or icebergs may have dammed one of the two narrow outlets regulating the drainage. On the basis of biostratigraphy [Knudsen, 1982; Miller, 1982] , it is suggested that the final drainage took place at or shortly after a rapid warming in early Preboreal. The estimated radiocarbon age for the event falls into the radiocarbon plateau of 10,000 14C During the Preboreal, when most of the remaining Fennoscandian ice sheet was rapidly melting, there is no distinct sign in the/5•80 record of increased meltwater outflow. With the exception of the two-step drainage of the BIL marking the beginning of Preboreal, the record appears more stable in contrast to the Younger Dryas. This more stable appearance may be connected to the inflow of seawater into the Baltic basin, a diminishing drainage capacity of the outlet due to isostatic uplift, or the development of a new drainage outlet in the southern Baltic.
